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Se where E is the latent heat flux, is an empirical parameter, R is the net radiation (including long wave and short wave), G is the soil heat flux, is the slope of saturated vapor pressure and is psychrometric constant. The second step is to range the parameter within each NDVI class between the lowest temperature pixel and the highest temperature pixel. For this interpolation the relationship between LST and NDVI was used. As shown in Fig. 2 , a scatterplot of LST and NDVI resembles a triangle. Taking into account the shape of the scatterplot, the maximum of the LST we can find in the pixel with minimum of NDVI and vice versa, the pixel which corresponds to the lowest LST has a maximum NDVI6),7 (3) and cloudiness factor f can be derived as follows: (4) where n-bright sunshine hours per day, N is total day length, hours.
Details of the procedure of calculating the Rn, G and values for each pixel in an image at local time are given in L. Jiang and S. Isla.
To extrapolate the diurnal curve of surface temperature we utilized the mean dailyE value in Eq.(1), which was derived using Thornthwaite method9). ( 
2) Thornthwaite method
For estimation of daily potential ET the method proposed by Thornthwaite C. W. is used: (5) where l is sunshine duration (hours), N is number of days in a month, Ti is the mean monthly air temperature (0C), and (6) where I is a heat index derived from (7) where i is number of a month.
Using Thornthwaite method the mean ET values for each pixel was derived from air temperature map. The air temperature map was retrieved from air temperature data in the observation points and elevation map using lapse rate method.
The unit of ET is mm/month. Dividing by number of days in a month, the mean daily ET rate can be estimated.
(3) Modeling algorithm
For the extrapolation of the daytime variation of LST the follows sinusoidal time course, described by Ephrath at al. was used10): (8) where and are empirical constants, DL is the day length, MSH is the time of maximum solar height, P is delay in the maximum air temperature with respect to the time of maximum solar height.
The unit of temperature values is Celsius degree and the time unit is hour. The DL values calculated for each pixel using latitude of each pixel and Julian date.
The relationship between a and fi can be find from remotely sensed data as follows: (9) where ST(14) is surface temperature at 14:00 overpass time calculated from satellite data using the split-window algorithm by Coll et al. (11): (10) 5 1 where T4 and T 5 are the brightness temperatures remotely sensed by channel 4 and channel 5, respectively.
B=1.71 and=0.005 is spectral emissivity difference.
For modeling ST(t) variation the emissivity difference is considered also to be equal 0.005 because the modeling LST was interpolated from ST(14) value with AC=0.005.
From Eq. (9) we can obtain: (11) Combining Eq. (8) and Eq. (11), to model LST time course the following expression was used:
The physical meaning of constant fi in sinusoidal time curve is the difference between LST value at sunrise time and maximum LST value at daytime. So,can be approximated by (13) where k is empirical coefficient, Ch4(14) and Ch4 (7) are brightness temperature values from channel 4 of NOAA AVHRR. at 14:00 and 7:00, respectively. The coefficient k distribution within basin area was determined by fitting from Eq.(1) that was used for daytime period as follows:
(14) where SRT and SST is sunrise and sunset time (hours), respectively, /1EDT is integrated ET value over daytime (from sunrise to sunset). According the number of investigations the ratio ofEDT to 24 h ET without summer season can determined to be 90%12),13). For deriving the parameter Eq.(2) was used.
Consequently, according to methodology above, the daytime course of LST was extracted for each pixel in an image.
RESULTS AND DISCUSSION
To extrapolate the LST daytime course the mean daily ET values was derived for DOYs 110 and 265 using the Thornthwaite method. Map of daily ET estimates shown in Fig.3 is represented by gray image at 1.1km scale. Some areas that have negative value of NDVI (water body and cloudy pixels) were removed from image. However, the urban pixels have the positive NDVI values in 1.1 km resolution. The ET estimates vary from 0.17 mm/day to 1.38mm/day, the average value for basin is 1.09mm/day. The NDVI classification was realized by land use map. As shown in Fig. 4 , the dispersion of LST values were retrieved from available NOAA AVHRR images gives the representation of correlation between surface temperature and different vegetation classes. In autumn time, versus in spring, the dispersion of surface temperature is smaller. The average LST values for each NDVI class (Fig. 5) vary from lowest temperature in the forest area (high NDVI value) to highest Fig. 7 The surface temperature maps modeled for midday time. temperature in urban area (lowest NDVI value). This relationship confirms the basic idea of proposed model, namely, the interpolation of the parameter in Eq.(1) using the warm edge on triangular scatterplot of NDVI and LST (Fig. 2) Using above extrapolation methodology, the temporally variation of the surface temperature was derived in the Natori river basin. As a result of modeling, the coefficients a, 18 from Eq. (8) were derived. The constant k the value k=1.18 for DOY 110 and k=1.25 for DOY 265 gave the minimum bias between modeled ET value and ET estimates derived from Thornthwaite method. The LST map can be easily calculated for different moment of daytime, as shown in Fig. 6 and Fig. 7 .
•\ 53•\ The modeled daytime course of LST was compared with LST curve, extrapolated from brightness temperature remotely sensed two times in day by channel 4 of NOAA AVHRR (Fig. 9) . The modeled LST values are reasonably higher than remotely sensed values because for retrieving the surface temperature estimates by split window method as in Eq. (10) the both channels 4 and 5 are used.
SUMM ARY
A scheme to extrapolate one time of day surface temperature estimates continuously to daytime values was considered. According proposed methodology the daytime course of LST distribution was extrapolated in time for the Natori river basin. Modeling by this scheme requires minimum number of meteorological and satellite data. In the absence of observation data this technique can be used for operational estimation of LST in time and space over a large area.
